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Abstract 
A landslide breccia of plutonic and metamorphic rocks located 20 km 
east of Las Vegas, Nevada is interstratified 1vith the late Tertiary 
Thumb Formation. Rock types of similar mineral composition to the 
landslide masses in the Rainbow Gardens are found 60 km to the east 
in the Gold Butte (Nevada) area. The landslide masses were displaced 
into their present position by lateral strike-slip motion along either 
the left-lateral r,ake Mead fault system or the right-lateral Las Vegas 
shear zone. In t.he Rainbow Gardens landslide masses, five plutonic " 
rock types, including rapakivi granite, match rocks from the Gold 
Butte area, both megascopically and petxographically. Rapakivi gran-
ite also crops out in the Eldorado and Newberry Mountains but other 
rock types in the range do not correlate with the Rainbow Gardens 
plutonic amd metamorphic rocks. Distribution of the rock types in 
the landslide masses is non-random. This suggests tha.t at the time of 
sliding the source terrain was nearby, and that the landslide masses 
moved as distinct toes, each characterized by a distinctive lithologic 
type. The Rainbow Gardens landslide masses were emplaced at the 
same time as the red Thumb sandstone. 'rhis is evidenced by incorp-
orated masses of gneissic clasts in a matrix of Thumb sandstone 
at the low~r contact of the landslide blocks, and the presence of 
intrusive Thumb sandstone dikes. 
i. 
I N T R 0 D U C T I 0 N 
LOCATION 
Longwell (1951) was the first to report masses of coarse, angular 
debris composed of Precambrian plutonic amd metamorphic rocks in the 
Rainbol\" Gardens area. He later described these as massive lenses of 
extremely coarse breccia composed of Gold Butte rapakivi granite des-
cribed by Volborth (1962), and metamorphic rocks in varied proportions. 
The breccia is stratigraphically located within the late Tertiary Thumb 
Formation (Anderson, and others, 1972) found in Rainbow Gardens 20krn ~ 
east of Las Vegas, Nevada. Bohannon (1979a) proposed an informal 
stratigraphy for Tertiary shallow basin deposits in the Rainbow Gardens 
area and included the breccia of crystalline rocks in the upper subunit 
of the lower clastic unit. He also provided a fission track age date 
of 15 m.y. for a tuff unit within the lower clastic unit (Bohannon,l979b). 
Longwell (1974) suggested that the breccia lenses originated ~ear 
the southern tip of the south Virgin Mountains where present exposures 
of similar rock types are found (fig.3) and slid to the south into the 
' 
Rainbow Gardens The Frenchman ~lountain - Rainbow Gardens block con-
taining these landslide masses was subsequently displaced 60km into its 
present position by right - lateral displacement along the Las Vegas 
shear zone and its inferred southeastward extension (fig. 1). 
Longwell's proposal would require a line of right lateral struct-
ural dislocation across the Black Mountains somewhere near Boulder 
Canyon in the L<~ke Mead an;<~, (fig.l) FJ:"om his geologic mapping in this 
area, Anderson (1973) stated that the Black Mountains block was struct-
urally continuous south of Boulder Canyon and that any faulting north 
1f Boulder Canyon was intimately linked with strike-slip displacements 
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on the northeast trending left - lateral Lake Mea.d fault system (fig.l). 
Anderson would locnte the source of the granite slide masses to the south, 
in other words, the northern section of the Gold Butte pluton. In this 
case the Frenchman Mountain - Rainbow Gardens block was probably dis-
placed 65km west - south\vest on the Lake Mead fault system {fig. 2). 
Portions of this fault system were mapped by Anderson {1973) in the Black 
Mountains north of Boulder Canyon. 
Bob Bohannon {pers.communication) ·suggested that a unit correlative 
with the Thumb Formation crops out north of the Gold Butte fault. He 
postulates that a landslide mechanism much like that for the massive 
Blackha\vk landslide {Shreve, 1968) may have been responsible for the 
Rainbow Gardens slide masses. According to Bohannon {personal comm-
unication) the landslide masses must have slid 25km to the north of 
their source area in order to cross the left - lateral Cabin Canyon fault. 
The Cabin Canyon fault is the only major fault of the Lake Mead fault 
system with sufficient displacement to account for the 65km of left -
slip displacement of the slide masses (fig. 1). 
Further work on the landslide blocks and the surrounding geology 
include that of Brenner-Tourtelot {1979) and Bell and Smith {1980). 
Whitesell and Wilbanks {1977) concluded that the rapakivi granite in the 
landslide blocks in the Rainbow Gardens positively correlated with the 
Gold Butte rapakivi granite found in the Gold Butte Precambrian granite 
complex. This conclusion was based on a crystal growth parameter study. 
John Wilbanks (personal communication) completed a similar study which 
showed a negative correlation between the Gold Butte rapakivi granite 
and the Eldorado Mountains rapakivi granite, Clark County, Nevada. 
Parolini, Smith, and Wilbanks {1981) provided fission track age dates 
(Table 1) on rapakivi granite apatite and zircon from both Rainbow Gardens 
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and Gold Butte. The ages were discordant and were not :Precambrian in age. 
Wasserburg and others (1965) report a U-Pb age of 1060 m.y. for rapakivi 
granites at Gold Butte. This would indicate that the rapakivi granite 
was subjected to post-magmatic thermal events, in the form of local 
volcanism or orogenic uplift. 
Longwell (1951) described a megabreccia found six miles southeast of 
Hoover Dam similar to the Rainbow Gardens landslide masses. It is a 
breccia deposit of broken r'ock with no matrix of clay, some fragments 
as much as one hundred feet long. Similarly in the Vegas Wash area a 
tilted block fifty feet long is fractured but in tact where it is exposed· 
n.E;ar tl).e surruni.t of one of the buttes. Longwell (1951) interpreted the 
Arizonamegabrcwcia as a larudslip mass \vhich moved five miles from its 
bedrock source in the Black Mountains. 
Noble (1941) also described widely distributed megabreccias that 
form outcrops in the Death Valley region. David Weide (oral communication) 
oelieves such megabreccia deposits are common in the basin and range 
province and that most of them are simply unreported in the geologic 
literature. 
Additional localities include outcrops of Precambrian rapakivi granite 
in the vicinity of the Calville Bay road. (table 2) (Anderson, 1973) 
In three buttes adjacent to the North Shore road near Government Wash 
similar lithologies to the Rainbow Garden outcrops were noted. 
This report describes in detail granitites, gneisses, and schists 
found in each of the landslide masses mapped in the Henderson Quadrangle 
by Bell and Smith {1980) and in the Frenchman Henderson Quadrangle by 
Brenner Tourtelot (1979). The mineral composition of many of the rock3 
was determined by modal analysis using the Brinkmann pount counter. 
~ock types were named using the I.U.G.S. classification of Igneous 
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Rocks (fig.6). The reported relative abundance of each rock type is 
based on subjective judgement rather than upon strict quantitative 
methods. With this data and supporting material 'from published reports 
and personal field work on local bedrock geology I will describe the 
provenance of the rocks in the Rainbow Gardens landslide masses. 
D E S C R I P T I 0 N 0 F L A N D S L I D E K A S S E S 
Hany of the landslide masses are in the form of buttes colored dark 
grey to deep red. Weathered out debris (1 em to 2 m) lies on the upper 
reaches of these hills. Some of the hills along the flanks bear a red 
strongly cemented {silicic) conglomerate. Other hills show grey to 
brown soils on the flanks that are probably the conglomerates broken 
down into their clay constituents. The conglomerates are both grain 
and matrix supported, minomictic and polymictic with minimal signs of 
bedding. (fig. RA-5) 
Clasts range from powder to 1 m in size, and are usually angular. 
Clasts are rounded when mud support is maximal. 
In an outcrop near Las Vegas Wash a lens of rapakivi granite 2 m 
in diameter is surrounded by red Thumb sands showing some flm-r structures. 
Clasts of the granite (5-10 em) are found in the sands. Perhaps this lens 
broke off from a larger block of landslide material in the large mud-
sliding event. 
Near the Las Vegas wash faulting is found within the landslide masses 
themselves. A lens of gneiss is emplaced within a deposit of loose 
rapakivi granite. The Thumb sands nearby show no signs of deformation. 
On the summit of this group of three linking buttes a rapakivi con-
glomerate shows an abrupt contact between itself and a body of leucocratic 
gneissoid granite ('r 13). Such different lithologies adjacent to one 
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another are uncommon in the slide blocks. 
In the ,landslide masses just south of Lava Butte, the outcrops are 
unusually continuous and forms the top of a high escarpment. A sample 
of loose breccia was found with slickensides at this locality in the 
area and nearby the banding of gneissic outcrop appeared cataclastically 
deformed. This indicates to me in this area faulting has affected the 
outcrops. 
Often exposures of the Thumb sands crop out on the lower portions 
of the buttes. The contact between landlside mass and Thumb sand is 
often obscured by alluvium from the top of the hill. Although clearly 
defined contacts are few, minimal signs of disruption of bedding are 
found beneath the landslide masses. 
The nature of lower contact of the slide masses indicates that they 
were emplaced at the same time as the Thumb sands were being deposited. 
In a landslide block south of Las Vegas wash slickensides were found 
Nith vague north-south striations. At the same site gypsiferous white 
siltstone was observed in the breccia mass itself. In some localities 
these siltstones are a debris flow deposit composed of clasts of 
gneissic rocks in a matrix of Thumb siltstone material. These deposits 
were a precursor to the landslid~ masses, with gneissic rocks falling 
off in front of the main body of rock debris and being incorporated into 
the Thumb siltstone. These deposits were at the contact cone and were 
of small proportion. 
In the northern sector of the Rainbow Gardens landslide masses belt 
an example of red sandstone dikes invading the breccia mass was observed 
in a conglomeratic outcrop of red rapakivi granite. These dikes may have 
intruded into the body of the landslide mass as it moved over unconsolidated 
ediments. 
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This indicates that the accumulation of the mega- breccia bodies was 
contemporaneous with deposition of red Thumb sands. These three features 
of the contact between breccia and Thumb sand would be even more suggest-
ive if coupled with current orientation studies on the Thumb sandstone. 
Davis and others (1979) reported striated surfaces parallel or sub-
parallel to bedding or slickensides and open space breccias below exotic 
blocks in southern Arizona, where slowly over:r:·iding blocks of Paleozoic 
sedimentary rocks deformed the underlying strata. The absence of such 
features at the contact bet1"ee.n landslide mass and Thumb sands indicates 
a._:_rapid mode of accumulation for the megabreccias in Rainbow Gardens, a 
catastrophic landslide event rather than one even of slow epidermal 
gliding. 
I noted about ten additional buttes betvmen Government Wash and 
Black Mesa near Lake Mead were not investigated. It appears that 
landslide masses of Gold Butte type lithology crop out all along the 
extent of the Lake Mead fault system from Rainbow Gardens to the 
Northern Black Mountains. 
-6-
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D I S C U S S I 0 N 
The various igneous and metamorphic rocks in the Rainbow Gardens 
area have been identified as to rock type ( Table III ) and relative 
abundance (fig. RA-1 -- RA 13). Interesting similarities can be shown 
by comparing this data to A. Volborth's (1963) report on the Gold Butte 
area (for petrographic and areal features see Appendices I and II) • 
The garnet biotite gneiss (Tl) is widespread in the Rainbow Gardens 
area (fig. RA-1). According to Volborth, biotite gneiss is found in 
two thirds of the Gold Butte Precambrian complex. Petrographic des-
criptions of the garnet biotite gneiss from both Gold Butte and Rain-
bow Gardens are similar. A hand sample (267, fig. 4) found near Mica 
Peak appears megascopically similar to T 1 in all respects. 
There appears to be a lateral dislocation of the garnet biotite 
gneiss (T 1) in the Las Vegas Wash area (fig. RA-1). The displacement 
is perhaps the effect of the right-lateral Las Vegas shear zone a.long 
the base of Frenchman Mountain in the same area. Bell (personal comm-
unication) noted a string of sandstone mounds that may have been dis-
placed by an arm of the Las Vegas shear zone. 
Many types of melanocratic gneiss are gound in Rainbow Gardens area 
which are not reported by Volborth. Perhaps this is due to their 
absence in the Gold Butte area or possibly Volborth did not distinguish 
betv1een the various types of melanocratic biotite gneisses in the Gold 
Butte area. I propose that the other melanocratic gneisses (T2,Tll,Tl5, 
Tl7, Tl8, T23) are mineralogic varieties of the garnet biotite gneiss 
reported by Volborth. 
Leighton (1967) in mapping a one square mile area one mile east of 
Gold Butte, states that the gneissic complex there contains migmatites, 
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granulites, and quartzose rocks with complete transition between them. 
This could be a general description of the majority of the Gold Butte 
gneissic rocks. 
The distribution of rock types in the slide masses is not random. 
For example, Tonalite (fig.RA-2) concentrates in an area immediately 
north of Lava Butte. Possibly this corresponds to a landslide of 
tonalite from exposures in the Gold Butte area. The various rock types 
were not gathered into one large catch-all basin as they might be in 
the case of an alluvial fan where various rock types would be randomly 
mixed in with each other. 
The quartz diorite gneiss (T 11, T 17) also shows a non-random 
pattern (fig. RA-·3). 1'here · is a concentration in the east to the north 
and to the south in the southern portion of Rainbow Gardens. Also to 
the east in the Government Wash area a concentration of diorite gneiss 
was found in the landslide masses reported by Anderson (1973). 
Moreover,exposures of the gneisses (T 11, T 17) in outcrop tended 
to be somewhat larger in size than other rock types. Perhaps they were 
closer to the landslide area or did not travel as far and maintained 
more integrity as rock units compared to those masses farther from the 
source. 
Volborth (1962) reports amphibolite and mica schists in the Gold 
Butte area. 'l'hese rocks may correlate with the sparse TB mica and 
amphibole schists from Rainbow Gardens (fig. RA-4). The TB variety in 
Rainbow Gardens does appear with the biotite gneisses and is concen-
trated where the garnet biotite gneiss is in abundance. This seems to 
be the relationship in the Gold Butte area. 
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Volborth reports quartz veins and pods and aplites in the Gold 
Butte area. I found concentrations of gangue quartz in the Rainbow 
Gardens landslide masses, some is weathered out and some is in the form 
of a cemented (silica) coarse grained conglomerate. An aplite vein 
cutting garnet biorite gneiss (Tl) is found in a boulder near Las Vegas 
Wash which correlates with Volborth's desription of aplite dikes in 
the Gold Butte area. 
Volborth reported a number of different types of ultramafic rocks. 
They are not a major rock type in the Gold Butte area. If they are in 
the landslide masses at Rainbow Gardens they could easily lie buried ~ 
beneath the more numerous gneisses and granites. 
Volborth describes several petrographically different types of 
gneissoid granites. They are noted on the index map (fig. 4) and are 
numbered Vl, V2, V3, V4, and V5. 
Vl seems to be related microscopically and megascopically to a 
microcline perthite alkali granite (T 10) found in Rainbow Gardens 
(fig. RA-6). A hand sample (269) from the Immigrant Canyon area (pro-
vided by Jack Glynn, Bendix Corporation) was from the Vl area and appears 
mesascopically to be the same rock at T 10. Petrographically the rocks 
are much the same. They both contain biotite and lack garnet, however 
V l is reported to show hornblende (Volborth, 1962) and this mineral 
was not found in the T 10 thin section. Geographically there could be 
a correspondence in that T 10 is found concentrated in the northeast 
corner of the main body of the slide masses (fig. RA-6) and V l is 
concentrated in the northeast corner of the Gold Butte area (fig, 4). 
A grey muscovite granite (V2) from Twin Springs Wash correlates 
with a pink muscovite granite (T9) found near Las Vegas Wash (fig.RA-7). 
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Petrographically, T9 and Vl both appear rich in muscovite and bear no 
accessory minerals. Unfortunat.ely no hand sample of VJ. was available. 
T9 may be pink due to iron oxide leaching from the Thumb sands that 
enclose it in the section. There may be a geographic correspondence 
i~ that T9 is situated in the southwest corner of the Rainbow Gardens 
belt landslide masses, while V2 is located southwest of Gold Butte 
near the axis of the Gold Butte fault (fig. 4). Also, the T9 outcrop 
is a monomictic deposit occuring in only one location and seems to be 
fault bounded to the north and sm1th (Bell and Smith, 1980). This 
muscovite granite (T9) appears fresh in the thin section and shows no 
metamorphic fabric. It may actually be a Tertiary granite. No dates 
are provided for V2 which Volborth bel.ieved was Precambrian although 
he stated it was less metamorphosed than the other gneissoid granites. 
No other gneissoid granites from Rainbmv Gardens seem to match the 
remaining V3, V4, and VS. However only the most abundant types were 
report.ed by Volborth. Other gneissoid granites and granites frotn 
Rainbow Gardens ( T 13, T 21, T 26, T 16, T 3, T 6, T 20, T 21, T 22, 
T 5) may match these lesser types of granites in the Gold Butte area 
that await more detailed mapping (figs. RA-8-9-10). 
The biotite perthite rapaki':'i reported by Volborth correlates quite 
well with the biotite-perthite-rapakivi from Rainbow Gardens. The 
modal analysis of each rock is very similar, as are the petrographic 
descriptions. Also a hand sample (264, fig.4) from the middle of the 
Gold Butte pluton is megascopically similar to the Rainbow Garden 
rapakivi granite. The conc8ntration of rapakivi in the Gold Butte 
area lies in northern portion of the Gold But.te pluton along the 
northeast strike of the Gold Butte fault. 
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The rapakivi in the Rainbow Gardens slide block belt is concentrated in 
the north also (fig. RA-11). The geographic correlation of such pal-
inspastic recreations may by only suggestive. In late Miocene time 
when sliding occurred the esposures of rapakivi and gneissic rock types 
may have exhibited different geographic characteristic than they do at 
present (for palinspastic reconstructions see figs. 8 and 9). 
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OTHER POSSIBLE SOURCES 
Newberry Mountains I Eldorado Mountains 
Rock types that are abundant in the Eldorado Mountains 1 Newberry 
Mountains (f:i.g.l)i.e.: pseudo rapakivi, and quartz orthoclase garnet 
gneiss; are missing in the Rainbow Gardens landslide masses. Rapakivi 
granite is the Oilly rock type that is similar to rocks reported by 
Volborth (1973) in the Eldorado I Newberry Mountains. A muscovite 
granite is reported that does not match the Rainbow Gardens muscovite 
granite due to the biotite accessory mineral. A diorite gneiss is 
reported that is more leucocratic and less foliat.ed than the Rainbow 
Gardens diorite gneiss (T 11). 
WEST FRENCHMAN MOUNTAIN 
Precambrian outcrops of gray mica schist alternating with pink 
migmati.te are found at Frenchman Mountain facing Las Vegas along 
Lake Mead Boulevard (fig. 1). This lithology is not recognized any-
lvhere in the Rainbow Gardens belt of crystalline landslide masses. 
SADDLE ISLAND 
Saddle Island (fig. 1) is made up of chlorite schist, diorite 
gneiss, white pegmatite veins, and a gray Precambrian or Tertiary 
rhyolite. The Rainbow Gardens chlorite schist is somewhat similar 
to the Saddle Island variety. The chlorite schist on Saddle Island 
grades into a diorite gneiss that shmvs strong ba.nding of biotite 
along the foliation planes. The pegmatite on Saddle Island would 
rna tch T 13, an alkali granite in Rainbo>·l Gardens, except for abund-
ant muscovite. 
13 
Rainbmv Gardens (fig. 1) rock types. 
ANOMALOUS ROCKS 
One cobble of Quartzite identified as the Eureka quartzite 
(John Wilbanks, personal communication) was found in the northeast 
sector of the study area near Gypsum Wash. The nearest outcrop of 
the Eureka Quartzite is found six miles north of Frenchman ~puntain 
in the Dry Lake Range. The Eureka Quartzite is reported to pinch 
out in the Muddy Mountains (Stewart, 1974). Perhaps this quarzite 
sample is the remnant of a deposit of gravel that formed from an 
outcrop of Eureka Quartzite that once existed in the Gold Butte area. ~ 
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A study of lithology, distribution,structural, and sedimentary 
features of the Rainbow Gardens landslide masses was used to deter-
mine their provenance. In the past the general feeling has been that 
the rapakivi granite composed a major portion of the breccia de-
posits in the Rainbow Gardens. This study points out the presence 
of numerous other rock types in the boulder trains,landslide blocks, 
and mega breccias in the Rainbow Gardens. 
The geologic evidence from this report and supporting data from 
other published sources strongly suggests that the source area for 
the Rainbow Gardens plutonic amd metamorphic rock was located in 
Gold Butte. This is demonstrated by the similarity of plutonic and ·• 
metamorphic rock types from the two areas. Besides the rapakivi granite, 
two granitic rock types {T9, T]O), a biotite garnet gneiss (Tl), 
and a tonalite gneiss(T23) are especially good matches to specific 
samples of Gold Butte plutonic amd metamorphic material. In addition 
distribution of the rock types in the landslide masses is non-random. 
This suggests that at· the time of sliding the source area was near-
by, and that the landslide masses moved as distinct toes each char-
acterized by a distinctive lithologic type. 
Significant sedimentary features at the lower contact of the 
landslide masses indicate that the emplacement of the Rainbow Gardens 
landslide masses was contemporaneous with the deposition of the red 
Thumb siltstone/sandstone. Masses of buff colored siltstone {1-
4 m in diameter) containing rounded clasts of gneissic material are 
found incorporated into the lower one meter of one of the land-
slide blocks.The presence of sandstone dikes {interpreted as Thumb 
sands) intruding into the lower contact of one of the landslide 
masses suggests that underlying soft sediments were compressed by 
overriding landslide masses and this pressure was relieved by the in-
trusion of sandstone dikes into the overlying boulder train. 
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APPENDIX I 
PETROGRAPHIC FEATURES 
GNEISSES 
Several types of gneisses and schists occur in the area. ~he 
gneisses are thirty times as abundant as the schists (table III ) . 
The major varieties of gneiss are garnet biotite gneiss (Tl) garnet 
tonalite gneiss (T2), quartz diorite gneiss (Tll, Tl7) granodiorite 
gneiss (T 18), tonalite gneiss (T 15). 
Brownish, gray and black to light colored biotite garnet gneiss 
is abundant (Tl). Banding is co1nmonly a lit-par-lit replacement 
structured in the biotite garnet gneiss. These are foliated rocks 
with schlieren and augen gneiss types. The augen are commonly 
porphyroblastic. 
In thin section the texture of the biotite garnet gneiss ranges 
from lepidoblastic to granoblastic and porphyroblastic with cataclastic 
deformation. Chief constituents are sodic saussuritized plagioclase, 
orthoclase sparse microcline perthite and orthoclase with string per-
thite, platy quartz, red poikilitic garnet (almandine and s9essartine 
by x-ray diffraction analysis) and brown to green biotite. Accessories 
include abundant magnetite, zircon and apatite, and sparse spinel. 
Medium grained brownish gray to white garnet tonalite gneiss ('1'2) 
is the second most common metamorpi1ic rock in the area. Many garnet 
porphyroblasts up to 4 em across are found in some samples. Other 
samoles have a low garnet content. This rock is easily differentiated 
from the garnet biotite gneiss by the presence of bands of purple-
colored quartz. 
In thin section the tonalite gneiss shows allotriomorphic and 
porphyroblastic texture. The pink garnet is poikilitic. Chief con-
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stituents are saussuritized strained sodic plagioclase (60%) with 
polysynthetic twinning (An 10) undulose anhedral quartz (40%) and 
less than 1% roicrocline perthite. 
Accessories include: cataclastic second generation quartz, brown 
biotite, abundant magnetite, almandine garnet, sparse apatite, zircon, 
sphene and muscovite. The third most common gneiss is a fine grained 
gray to black granular texture. The main constituents are sodic 
plagioclase (An 15) (roost polysynthetic twins are obscured by saussuri-
tization ) platy quartz, and br01vn olive biotite in small clots 
"' Common accessories are muscovite, cataclastic rutilated quartz, garnet,
and sparse zircon and roicrocline. Poikilitic xenoliths or perthitic 
orthoclase shm~ing second generation quartz were found in a fetv rare 
samples. 
A pinkish gray garnetiferous granodiorite gneiss (T 18, T 7B) is a 
rare rock type in the area. Some samples show banding, some do not 
but all show foliation of roafics when slabbed. In thin section this 
granodiorite gneiss shows allotriomorphic granular texture and appears 
to be the freshest of the gneisses. The plagioclase (An 10) crystals 
are hardly sausseritized though they do show bent twins, primary 
quartz is only slightly undulose. The moderate amount of olive brown 
biotite seems to be aligneo. Some plagioclase is poikilitic with 
intergro\vths of second generRtion quartz. Common accessories are 
garnet, apatite and sparse zircon. A small amount of perthite is 
present and a moderate amount of cataclastic second generation quartz. 
A light brown highly weathered fine-grained non-garnetiferous 
gneiss (T 15) occurs in the area north of Lava Butte near Lake Mead 
Boulevard. It is a weakly foliated aphanitic gneiss. In thin section 
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it shows allotriomorphic-granular texture. The main mineral con-
stituents are cataclasticly deformed plagioclase (47%) and waveyquartz 
(53%). Common accessories are brown biotite, magnetite, hornblende, 
secondary quartz, zircon, apatite, and red iron oxide minerals. This 
rock appears to be the same as a tonalite (268, fig. 4) found near 
Gold Butte in the Garden Springs area. 
SCHISTS 
Hornblende Schist (T 8C) and chlorite schists (T BD) are commonly 
associated with the gneissic rocks. Only a biotite-hornblende schist 
(T BA) and a hornblende schist (T 8C) will be described here. The 
biotite hornblende schist (T 8A) is a light green fine grained rock 
with strong foliation. In thin section the texture is lepidoblastic 
with biotite, hornblende and quartz aligned in mostly one direction. 
The hornblende schist (T 8C) is a black moderately foliated rock con-
taining crystals. The rock has a high specific gravity. In thin 
section the texture is slightly lepidoblastic to allotriomorphic. 
The rock looks fresh, the plagioclase crystals are comparatively 
tabular and stubby but are unaffected by alteration products. The main 
constituents are green hornblende (60%) polysynthecially twinned plag-
ioclase , and quartz. Common accessories are titanium magnetite, 
apatite and sparse zircon. 
RAPAKIVI GRANITE 
Coarse porphyritic perthite - quartz - biotite rapakivi granite is 
found throughout the project area. Some of the buttes are made com-
pletely of this distinctive rock type. In thin section these granites 
show texture varying from panidiomorphic - to allotriomorphic - gran-
ular. 
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Chief constituents are undulose quartz (37%), saussuritized plagioclase 
(23%) and microcline perthite (35%). The brown biotite (5%) occurs 
in patches and clots. Common accessories are secondary quartz, mag-
netite, muscovite, apatite, zircon, sphene, and sparse garnet. 
GRANITE GNESSES 
A number of Granite Gneisses/Gneissic Granite are found within 
the project area. Many of them alkali granites. A fine grained 
aphanitic black and white microcline alkali granite gneiss ( T 10) 
is common throughout the project area. In thin section it shows 
allotriomorphic granular texture. The microcline (57%) is often 
myrmekitic. The plagioclase (5%) is so highly sausseritised as to 
mask most evidence of twinning. There are two gene1:1ations Jdf qua:t.tz 
(30%) undulose quartz, and quartz found in myrmekite. Common accessories 
are magnetite, olive brmvn biotite, and sparse muscovite. There is 
no garnet. This granite compares well with a microcline perthite 
gneissoid granite (Vl) reported in the Gold Butte area (Volborth, 1962). 
A gray aphanitic alkali granite garnet gneiss 
(T 5) is another rock type common to all parts of the project area. 
In thin sec·tion it shows allotriomorphic-granular texture. String 
perthi.te and microcline perthite make up the alkali feldspar com-
ponents. The plagioclase shows polysynthetic twinning and plastic 
deformation. Pink poikilitic garnet: porphyroblasts make up 5% of the 
rock. Brown biotite is found in clots near the garnet and it also 
forms a rough foliation. Common accessories are magnetite, apatite, 
rutile, and second generation quartz. 
A leucocratic medium grainedgranophyric alkali granite garnet 
gneiss ( T 13) is another common gneissic/granite rock found in the 
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project area. A spotted pattern of almandine garnets (1 em - 4 em) 
is common in this rock type. In thin section this rock shows 
allotriomorphic-granular texture. String perthite and microcline 
perthite make up the alkali feldspar components (40%), saussuritized 
·plagioclase (5%} does not show good bvinning. Veins of cataclastic 
quartz and chalcedony cut through the rock. In one thin section em-
bayed microcline and quartz in a gray micro-crystalline matrix is 
present. Common accessories are garnet, sparse red oxide minerals 
and muscovite. 
An alkali granite gneiss (T 16) was found in t.he northeast part 
of the project area that appears to be very similar to the described 
alkali granite gneiss (T 13). This is a strikingly white aphanitic 
rock \vith la.rge clots of red almandine garnet ( 4 mm) throughout. 
In thin section it shows porphyritic texture. Feldspar components 
are saussuritized plagioclase showing signs of plastic deforma.tion, 
and string perthite. Cataclastic second generation quartz fills the 
spaces between phenocrysts. The pink almandine garnet is porphy-
roblastic. Common accessories are sparse zircon,muscovite,hematite 
and epidote. 
The following gneissoid granite ( T 6) is a rock found in only a 
few places in the project area. It is a medium grained pink and 
white rock with some biotite forming weak foliation planes. In thin 
section the rock is composed of sausseri t:ized plagioclase, orthoclase 
with string-perthite, and orthoclase and quartz showing myrmekitic 
texture. 
Common accessories are apatite, biotite, magnite, chlorite, and 
sparse hematite. 
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OTHER ROCK TYPES 
The following rocks occur in only isolated instances in the 
project area: 
A pink muscovite granite (T 9) with phenocrysts of quartz is 
found north of the Las Vegas Wash. In thin section it shows 
hypidiomorphic - granular texture. The perthite is a patchy variety, 
perhaps originally a microcline perthite before secondary alteration. 
The fresh appearing sodic plagioclase (An 10) is in subhedral lath 
shaped crystals. Carlsbad twinning and polysynthetic twinning is 
common. Metamorphic texture is absent. Anhedral to subhedral mus-
covite is common throughout. Embayed large quartz crystals are only 
slightly undulose and appear to be not in disequilibrium with other 
crystals. Common accessories are sparse hematite and magnetite. 
This muscovite granite compares favorably to a gneissoid granite 
reported by Volborth (1962) in the Garret Butte area southwest of 
Gold Butte. 
A medium grained white and black monzodiorite (T 23) gneiss is 
found north of Lake Mead Boulevard. In thin section it shmvs allo-
triomorphic granular texture. It shows some string perthite and 
microcline perthite. Sodic plagioclase is saussuritized and shows 
pericline and albite twinning, and plastic deformation. The olive 
brown to green biotite is present in clots. Common accessories are 
magnetite epidote and chlorite. A coarse grained white, gray, and 
black phaneritic granite gneiss (T 21) is found north of Lake Mead 
Boulevard. In thin section it shows allotrictnorphic granular texture. 
The main mineral constituent is string perthite. A few grains of 
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myrmekite are found adjacent to crystals of string perthite. The 
plagioclase is saussnritised and displays pericline and albite 
twinning. Quartz is undulose and platy with secondary cataclastic 
quartz bordering the perthite crystals. Common accessories are olive 
·green biotite and light green chlorite. 
A phaneritic pink and gray alkali syenite gneiss (T 20) is found 
in the northern flank of Lava Butte. In thin section it shows 
allotriomorphic granular texture. The orthoclase is string perthite 
commonly with embayments ofsericitized Plagioclase, and of myrmekite. 
Platy quartz and cataclastic quartz is noted. No accessories are •· 
noted except for sparse red hematite staining. A fine-grained red 
and gray biotite alkali granite gneiss (T 26) is found on the north 
flank of Lava Butte. In thin section is shows allotriomorphic 
granular texture. The myrmekitic textured plagioclase is saussuritised 
and shm.;s little twinning. Alkali feldspar is composed of string 
perthite rimmed by cataclastic second generation quartz. Green to 
brown biotite and chlorite is found in clots and is aligned on the 
weakly developed foliation planes. There are no accessory minerals 
but sparse hematite. 
DIKES 
Two dike rocks are found in the project area, one aplite and one 
fine grained intrusive diorite. The white aplite dike (T 24) is 
found in a boulder of biotite garnet gneiss in the Las Vegas Hash 
area. In thin section it shows aplitic texture much like the muscovite 
granite (T 9) found one mile to the north. The sodic plagioclase is 
subhedral lath habit, and appears as untwinned crystals showing 
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myrmekitic texture in their margins. Subhedral quartz grains are 
slightly undulose. Muscovite (15%) is anhedral to subhedral. There 
are no secondary accessory minerals. 
One melanocratic dike rock found in the project area is a dark 
green rock exposed adjacent to the north bank of the Las Vegas Wash 
in the southern part of the project area. In thin section this rock 
shows lepidoblastic texture. The primary mineral constituent is 
light green hornblende. There is some biotite and quartz. The calcic 
plagioclase is highly saussuritised and displays little twinning. 
Magnetite is abundant as the only accessory mineral. 
JOSEPH PAROLINI 
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;a:rr.ple 
No. 
P4 
GJ-1 
l 
tv 
(J1 
l 
Location 
R.:tinbo·.,• Gnrdens 
Rninbo·..,. Gardens 
Gold Butte Townsite 
Gold Butte To• ... :nsitc 
TABLE ~ 
FISSION-TRACK D~TES OF THE GOLD BUTTE R<~AKIVI GRANITE 
Mineral-· 
i\pntitc 
Zircon 
Apatite 
zircon 
A!·lD Tim RAil\'BO\v GARDENS GRANITE BRECCIA 
<jl 
Number of t ti t~ Xl0
15 
Grains 2 s n/crn 
2 46 125 317 .979 
3 997 647 317 .979 
6 109 119 317 .979 
4 '457 200 395 ·1.22 
ts - number of natural tracks counted. 
t. ~ nlliube:r of induced tracks counted. 
~ 
t¢ - number of tracks counted in detector. 
¢ - neutron flux. 
T -.age in years. 
P - percent error in age, 
a 
cr - standard error._ 
correlation 
(r} 
1.0 
.807 
.968 
.99 
T 
Xl06 
pl\ yr 
10.93 $.07 
45.68 6.08 
27.19 6.11 
84.92 5.63 
(from Parolini, Smith, and Wilbanks, 1981) 
7 
a 
Xl06 
yr 
o.oa 
2. 78 
1.66 
4.78 
' 
TABLE II 
ROCK 'l'YPES IN THE CALVILLE BAY LANDSLIDE MASSES , 
ROCK TYPE AMOUNT 
TONALITE (T2) 40% 
RAPAKIVI GRANITE (T4) 2% 
DIORITE GNEISS (Tll) 55% 
MICA SCHIST (T8) 1% 
MICRO-FOLIATED GRANET GNEISS 2% 
(Found in float in Rainb01v Gardens area.) 
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T-type Chart 
List of Rocks in Slide Blocks 
RainbO'rl Gardens, Clark County, NEVADA 
1. Garnet Biotite Gneiss 
2. Tonalite Gneiss 
Garnet: Low - High 
3. Leucocratic Granite Gneiss 
Garnet 
Garent: Medium 
4. Rapakivi porphyritic perithite-biotite 
4A - Red 
4B - White 
5. Alkali Gneissoid Granite - Fine Grained 
Garnet: High 
6. Gneissoid Granite - Hedium Grained - Red 
Garnet: None 
7. Conglomerate 
A Raoakivi - Red 
B Granodiorite (Tl8) 
C Rapakivi/indurated 
D Gneiss 
E Gneiss, Granite, Quartz 
F Guartz 
G Schistose 
H Grey Granite Gneiss: Tl5 
I T9 
J Brown Gravels - High weathering 
(Table III) 
K.Indurated,•weathered- Granite, Gneiss, Quartz Schist- Red 
L Grey Gravels - High weathering 
M Gneiss and Schist 
N Gneiss, Schist, Rapakivi 
8. A Biotite - Hornblende Schist 
B Biotite Schist 
C Hornblende Schist 
D Chlorite Schist 
E Mica Schist 
9. r1uscov i te Gr.ani te 
Garnet: Low 
10. Microcline Perthite Alkali ·Gr~nite Gneiss 
Garnet: None 
Fine Grained 
11. Quartz Diorite Gneiss 
Garnet: Low 
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12. Gangue Quartz 
13. Granophyric Alkali Granite Gneiss 
Garnet: Hedium-High 
14. Intrusive 
Hornblende Quartz Diorite Gneiss 
· Garnet: None 
15. Biotite Hornblende Tonalite Gneiss 
Garnet: None 
16. Alkali Granite Gneiss 
Garnet: High 
17. Quartz Diorite Gneiss 
Garnet: High 
18. Granodiorite Gneiss 
Garnet: Lmv 
19. Leucocratic Garnet Biotite Gneiss 
Garnet: High 
20. Alkali Syenite 
Garnet: None 
21. Porphyritic Granite Gneiss 
Garnet: None 
22. Alkali Granite Gneiss 
Garnet: Low 
Purple banded 
23. Monzodiorite 
Garnet: None 
24. Aplite Dike 
25. Quartzite 
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Captions for Figures {figs. 1,2,&3, maps after 
Bohannon, 1979a) 
Figure 1. Distribution of fault types in the Lake Mead region. 
CCF=Cabin Canyon Fault, BRF=Bitter Ridge Fault, GBF=Gold Butte 
Fault. Areas of provenance study indicated by "P". 
Figure 2. Anderson's proposal, with northerly direction of land-
slip indicated by arrow. Ball and bar symbols show d~p-slip with 
ball on downdropped side. 
Figure 3. Longwell's proposal, v1i th southerly direction of land--
slip indicated by arrow. Ball and bar symbols show dip-slip with 
ball on the downdropped side. 
Figure 4. Gold Butte map after Volborth(l963) amd Bohannon{l979a). 
Ball and bar symbols show dip-slip with ball on downdropped side. 
"V" numbers indicate gneissoid granites of Volborth(l962). "200" 
numbers indicate location of handsamples supplied by Jack Glynn 
(Bendix Corp.). 
Figure 5. Provenance of Rainbow Gardens slide masses. 
Figure 6. Modal analysis of rocks in Rainbow Gardens. 
Figure 7. Index map for modal analysis samples. 
Figure 8. Palinspastic reconstruction with compensation for left-
slip on Lake Mead fault system and right-slip on an arm of the 
Las Vegas shear zone near Las Vegas Wash. Possible granite (T9) 
landslide indicated by red arrow. 
Figure 9. Palinspastic reconstruction with compensation for left-
slip on the Las Vegas shear zone. Possible granite (T9) landslide 
indicated by red arrow. 
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APPEND I X II 
RELATIVE PERCENT AN!) TYPE OF ROCK BY OUTCROP NUMBER 
OUTCROP PERCENT TYPE OUTCROP PERCENT TYPE 
~·-·--
1. 35 6 2. 60 1 
30 1 20 sc 
10 8C 5 7F 
5 4B 5 12 
5 t;K 10 19 
5 10 
5 15 
5 19 
3. 25 15 4.+ 4U 40 1 
35 7E 35 7IJ! 
20 7N 10 sc 
5 3 5 
. 
4A 
5 8C 5 5 
5 11 5 6 
5. 60 4A 6A. 30 2 
40 7A 40 1 
10 10 
5 13 
5 11 
10 7J 
8. & 9. 35 1 25B. 
5 7D 13. 70 1 
4 4 14. 10 4B 
1 SD 15. 10 18 
25 2 16. 10 5 
J.5 11 
15 13 
"·} 5 6 6. 11. 30 7C 7. 50 4 12. 30 7A 22. 
5 8C/D 23. 50 7A 
15 15 19. 
5 7F 20. 
10 7J 21. 
17. 28. 
18. 50 7A 9 4 
24 10 1 
25. 50 7C 20 8C/D 
26. 30 11 
27. 1 16 
5 17 
5 5 
10 13 
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OUTCROP PERCENT TYPE OUTCROP PERCENT TYPE 
·-~--~-
29. 32. 55 11 30.} 50 11 10 1 33 .. 1 12 5 4B 
19 1 5 7E 
10 BC D 4 13 
4 19 1 BA 
1 7G 15 2 
5 5 5 7F 
34. 20 4 38. 10 BC D 
35. 70 7A 50 7M 
36. 5 10 30 19 
37. 2 8E 8 4 
1 11 1 1 
1 6 1 12 
1 21 
39. 50. 
30 19 
35 7M 51. 59 1 
20 1 40 4 
5 11 1 24 
5 7L 
5 23 
40. j 10 4 52. DESTROYED BY HAN 1 10 11 
42. 10 sc DA 
43. 35 1 53. 20 1 
4 3 54. 50 2 
30 2 55. 12 BD 
44. 50 1 56. 7 4 
45. 20 11 57. 5 5 
46. 13 10 5 7E 
47. 10 4 
48. 5 5 58. 
49. 2 2 60. 50 2 
60A. 10 4 
5 7F 
59. 50 2 5 7M. 
20 7H 4 12 
15 4B 1 5 
5 8D A 5 3 
4 5 
1 10 62. 90 1 
5 3 10 BC D 
61. 85 1 63. 38 1 
B 7H 10 7E 
1 8C D 8 13 
1 13 2 4B 
5 10 
-54- 40 7D, 
OUTCROP PERCENT TYPE OUTCROP PERCENT TYPE 
64. 30 1 66. 60 1 
65. 20 18 10 4B 
69. 20 8C D 10 14 
70. 10 11 9 18 
10 13 10 BD 
10 2 
76. 95 1 77. 40 5 
2 8D 30 13 
2 4 5 1 
8 ac D'E 
5 3 
5 20 
1 22 
9 '3 
79 ~ 80. 60 9 81. 
82. 40 7I 
Ul. 30 4 U2. 80 7B 
30 10 10 4 
10 8C D 4 19 
9 1 1 ac 
20 7J 4 5 
1 25 1 15 
5 15 
5 5 
U3. 20 4B 
10 1 
15 13 
5 7K 
10 18 
10 10 
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AREA OF OUTCROPS UNIT AREA = 5 rom RADIUS 
19.63 m 2 491 m2 
"' 
0UTCROP UNIT SQUARE METERS OUTCROP UNIT SQUARE METERS 
AREA AREA AREA. 
i 2 982 44 
2 16 7,852 45 
46 2 982 3 10 4,908 47 4+4U 2 982 48 
5 1 490 
6A .5 245 51 1 490 
8&9 3 1,472 52 DESTROYED 
10/11/12 1.5 736 
25B 53 
13 54 
14 55 5 2;454 3 1,472 56. 15 
16 57 
6 58 
7 60 5 2,454 
22 GOA 
23 3.5 1,718 
19 59 3 1,472 
20 61 .5 245 
21 62 5 245 
17 63 3 1,472 
18 64 
24 3 1,472 65 7 3,436 25 69 
26 70 
27 66 1.5 736 
28 1 490 76 .33 162 
30 
33 
4 1,963 77 3 1,472 
78 
32 3 1,472 80 3 1,472 81 34 82 35 6 2,945 
36 U1 .33 162 
37 02 3 1,472 
38 2 982 U3 
490 A 18 
8,835 
39 1 B 
40 
41 2 982 
42 
43 
TOTA: 120.66 59,395 sq. m
2 189,000 sq. feet 
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Gneiss 
1 
2 
3 
5 
11 
13 
16 
17 
18 
19 
22 
Gneiss 
7B 
7D 
7E 
7K 
7M 
7N 
GARNET 
1 
2 
3 
4A 
4B 
5 
7A 
7B 
7C 
7D 
7E 
7K 
7r1 
7N 
9 
11 
13 
16 
17 
18 
19 
GARNET BEARING 
Granite 
4A 
4B 
9 
GARNET BEARING or NOT 
CONGLOMERATE GARNET BEARING 
Granite 
7A 
7C 
7E 
7I 
7K 
7N 
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NONE 
6 
7F 
7G 
7H 
7I 
7J 
7L 
8A 
BB 
Be 
BD 
BE 
10 
12 
14 
15 
20 
21 
NON GARNET BEARING 
Gneiss 
14 
15 
10 
Granite 
6 
20 
21 
23 
24 
ROCK BY OUTCROP / 35 TOTAL OUTCROPS (GROUPED) 
T1 (for abundance see Fig.RA-1) T2 T3 
-----------~-----~-------~--------------------------------------------------OUTCROP OUTCROP PERCENT OUTCROP PERCENT 
1 6A 30 40 - 43 4 
2 8&9 25 58 
4+U4 40-43 30 60 5 
6A 44-49 2 60A 
8&9 58 59 5 
13 60 . 50 77 9 
14 60A 
15 64 
16 '65 10 
28 69 
30 70 
33 59 50 
32 
38 
39 
51 
53 
54 
55 
56 
57 
58 
60 
60A 
61 
62 
63 
64 
65 
69 
70 
66 
76 
77 
Ul 
U3 
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ROCK BY OUTCROP 
T6 T10 Tll 
-~----------------------------------------~·~---------------------------------
OUTCROP/PERCENT 
28 5 
30} 33 5 
44-49 5 
53-57 5 
58} 60 1 
60A 
59 4 
77 40 
U2 4 
u~~ 5 
OUTCROP/PERCENT 
Tl3 
6A 
8&9 
28 
61 
63 
~~] 69 
70 
5 
15, 
30 
1 
8 
10 
77 30 
U3 15 
OUTCROP/PERCENT 
1 35 
3 2 
~~:} 5 
101 11 5 
12 
OUTCROP/PERCENT 
T15 
3 25 
U3 5 
OUTCROP/PERCENT OUTCROP/PERCENT 
1 5 3 5 
6A 10 6A 5 
44-49 13 8&9 15 
59 1 28 - 30 
61 5 30J Ul 30 33 50 
U2 10 32 55 
34 5 34-37 1 
39 5 
40-43 10 
44-49 20 
''} 65 10 69 
70 
U1 30 
OUTCROP/PERCENT OUTCROP/PERCENT 
T18 T19 
"} 2 10 65 20 38 30 67 39 30 
70 U2 4 
66 9 
U3 10 
------------------~~-----~-----------------------------------~-~-----------
OUTCROP/PERCENT 
Tl2 
2 5 
3 3 
30} 1 33 
38 1 
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ROCK BY OUTCROP / RAPAKIVI GRANITE (4, 7A, C, N-1/3) 
----------------------------------------------------------------------------
OUTCROP/PERCENT 
'A or 4 
4+U4 
5 
8&9 
6 
7 
22 
23 
19 
20 
21 
17 
18 
24 
25 
26 
27 
38 
28 
34} 35 
36 
37 
:~} 42 43 
44 
45 
46 
47 
48 
49 
51 
53 
54 
55 
56 
57 
~~( 
60A ~ 
76 
U1 
U2 
5 
60 
4 
50 
50 
8 
9 
20 
10 
10 
4 
7 
10 
2 
30 
10 
OUTCROP/PERCENT 
4B 
7N 
1 
i~J 15 
16 
32 
59 
66 
U3l 3A 
3B 
3 
5 
10 
5 
15 
10 
20 
20(6) 
OUTCROP/PERCENT 
7A 
7K 
5 
i~( 
125 
6 
7 
22 
23 
19 
20 
2 
341 5 
36 
37 
1 
U3 
-60-
40 
30 
50 
70 
5 
5 
OUTCROP/PERCENT 
7C 
iU 
125 
17 
18 
24 
25 
26 
27 
U3 
3A 
3B 
30 
50 
20 
OUTCROP/PERCENT 
14 
66 10 
ROCK 
OUTCROP/PERCENT 
T16 
28 1 
OCCURENCES 
OUTCROP/PERCENT 
T17 
28 5 
OUTCROP/PERCENT 
T20 
77 5 
-----------------------------------------------------~----------~~-~~--~----
T21 T22 T23 T24 
34 1 77 1 39 5 51 1 
-
-----------------------------------------------------------------------------
T25 
Ul 1 
CONGLOMERATES (7A, 7C, 7N, 7K SEE "RAPAKIVI" ) 
OUTCROP/PERCENT 
7B 
U2 80 
OUTCROP/PERCENT 
7D 
8 5 9 
63 40 
OUTCROP/PERCENT 
7E 
3 35 
32 5 
53 
54 
55 5 
56 
57 
63 10 
OUTCROP/PERCENT 
7F 
2 5 
58 
60 5 
60A 
--------------------------------------------------------- ------------------
7G 
30 
33 
7H 
1 
7I 
59 20 79 
80 
81 
82 
40 
7J 
6A 
10 
11 
12 
10 
10 
U1 20 
--------------------------------------------------~-~------------------------
7L 7M 
39 5 4 
+ 35 
U4 
38 50 
58 
60 5 
60A 
-61-
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